Introduction
Carbon steels have been widely used for wide range applications due to the cost consideration. Mostly, however, it shows low oxidation resistance at high temperature [1] . Accordingly, a protective coating is required to improve their oxidation resistant.
Al 2 O 3 former as FeAl [2] , NiAl [3] , TiAl [4] and Cr 2 O 3 former as NiCr [5] have been applied as coating on the samples surface to improve its oxidation resistance. The formation of a protective oxide layer of alumina or chromia on the coating surface can play a role to retard the inward diffusion of oxygen. It is generally agreed that Al and Cr are important elements for improving the high temperature oxidation resistance of alloys and coatings. However, far too little attention has been paid to Cr-Al coating which can act as reservoir for the formation of Al 2 O 3 and/or Cr 2 O 3 on the coating surface at high temperature.
Several techniques as high velocity oxygen fuel (HVOF) [6] , air plasma spraying (APS) [7] , physical vapor deposition (PVD) [4] and mechanical alloying (MA) [8] [9] [10] [11] [12] have been used to deposit coatings on the surface of materials. It is known that mechanical alloying is a new technique which can be utilized to produce intermetallic coatings on steel [8] and nanostructure coating on various metal surfaces [9] . In this technique, the coatings formation on the sample surface is caused by the ball and powder particles collision on the sample surface. Thus, several factors as coating composition, ball and powder ratio, and rotation speed or oscillation frequency will affect the establishment of coatings on the surface of sample. From the view point of coating development, how to produce uniform coating structure becomes particularly important. Based on the aforementioned conditions, in this study, Cr-Al coatings with varying composition were prepared by a mechanical alloying technique. Heat treatment was also performed in order to improve or refine the coating structure. Metallographic characterizations of the coating before and after heat treatment were studied by mean of XRD and SEM-EDX.
Experimental Procedures
Commercial low carbon steel with an approximate dimension of 10 x 8 x 3 mm was used as substrate in this study. For the coating deposition, the alloy surface was polished down by using various grades of SiC papers for up to #1200. The specimen was then ultrasonically cleaned in an ethanol solution. The nominal composition of powder for coating was presented in Table 1 . 100 -
The deposition of coating on the surface of low carbon steel was performed in a shaker mill by a mechanical alloying technique. For each composition, the powders were milled for 2 h in the steel crucible by using high speed shaker mill. The steel balls and powder ratio used in this study are 10 to 1. After 2 h milling, the substrate of low carbon steel was charged into the steel crucible containing milled powder and mechanically alloyed for 1 h. The deposition of coating on the surface of low carbon steel occurs due to the collisions between balls and powder on the substrate of low carbon steel. After Cr-Al coatings deposition, the specimens were then heat treated in a vacuum furnace of 5.6 Pa for 2 h at 800 o C. X-ray diffraction (XRD) and scanning electron microscope equipped with energy dispersive X-ray spectrometer (SEM-EDX) were used to characterize the phase composition and microstructure of coating before and after heat treatment, respectively. The thickness of Al coating, as shown in Figure 2 (a) is about 30 µm. EDX characterization confirms small Fe particles in the Al-matrix which probably come from the steel substrate or milling media. During the powder milling or coating deposition, the collisions between steel balls, crucible and sample may lead to steel spallation. From Figure 1 (a) , it can also be seen that the Al coating exhibits good adherence to the alloy substrate. In the Cr-Al coatings (Figures 2 (b) and (c) ), the coatings are composed of grey particles of Cr and dark area of Al with the coating thickness of about 60-80 µm. The Cr-particles in the Cr 50 Al 50 coating are smaller and more uniformly distributed compared to in the Cr 87.5 Al 12.5 coating. For Cr 100 coating (Figure 2(d) ), the thickness and microstructure of the coating are uneven. A relatively dense structure can be observed on the surface of low carbon steel and porous structure is found near to the surface of the coating. In addition, the SEM image also shows that the sample surface is rough. This could be related to the fact that Cr hardness (Hv = 1060 MPa) is higher compared to the Fe hardness (Hv = 608 MPa). Accordingly, the deposition of Cr particles on the steel surface strongly affects the morphology of sample surface. Figure 3 shows the X-ray diffraction patterns of Al 100 , Cr 50 Al 50 , Cr 87.5 Al 12.5 and Cr 100 coatings after heat treatment at 800 o C for 2 h. XRD patterns, as shown in Figure 3 indicate that the coating structure after heat treatment is depended on the coating composition. In the Al 100 coating, FeAl phase is formed after heat treatment at 800 o C for 2 h. In the Cr 50 Al 50 coating, the coating is composed mainly of AlCr 2 phase with small reflections of Al 8 Cr 5 phase. As Cr concentration increases, XRD characterization reveals that Al 8 Figure 4 . It can be seen in Figure 4 (a) that the surface of substrate is rough and the Al coating becomes disappear. The EDX elemental maps show the local distribution of Al and O on the surface of steel substrate ( Figure 5 (a) ). This suggests that the uneven dark area on the steel surface is composed of Al-oxide. In addition, SEM-EDX elemental maps also indicate the presence of Al-rich area close to the steel surface. As the distance from the sample surface into substrate increases, the blue color intensity (Al distribution) tends to decrease and the magenta color intensity (Fe distribution) tends to increase, suggesting that the Al element is diffused inwardly Meanwhile, a dense and more uniform coating structure are shown in the Cr 50 Al 50 coating (Figure 4  (b) ). The coating also exhibits strong adherence to the steel substrate. In this study, EDX point analysis was carried out in the coated sample. The results indicate that the coating composition near the coating surface (marked as black circle in Figure 4 (b)) is composed of 51.52%at Al, 46.81%at Cr, 1.67%at Fe and coating/substrate interface (marked as white circle in Figure 4( are formed in the coating. The interdiffusion zone is formed at the coating/substrate interface. The intermixing area between coating and oxide can also be seen from the cross-sectional image as shown in Figure 4 (c). Meanwhile, in the Cr 100 coating (Figure 4(d) ), the formation of Cr-oxide can be clearly seen from the result of EDX elemental maps as shown in Figure 5 (b). Mostly Cr coating is oxidized to form Cr 2 O 3 as detected by XRD analysis (see Figure 3 (d) ). The formation of Cr-oxide after heat treatment could be related to the affinity of Cr for oxygen. Chromium has a very high affinity for oxygen, so it can be readily react with oxygen to form chromia [14] . Therefore, even if the partial oxygen pressure is low, the following reaction is likely to take place:
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Phase composition and microstructure of the Cr-Al coatings after heat treatment at 800 o C
In Cr 100 coating, after heat treatment at 800 C for 2 h o the Cr element is oxidized to form main
